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aBstraCt
BaCkground: Cataract is the most common cause of reversible blindness worldwide, which has been associated 
with various causative risk factors. Hence, we aim to study the factors that might play a role in cataractogenesis.
Material and Methods: A total of 240 eyes of 240 subjects were included for the study, which consisted of 120 
cases with age-related cataract and 120 age-matched controls, and in them various factors like blood pressure, body 
mass index (BMI), smoking, sun exposure, and serum cholesterol were studied.
results: A statistically significant difference between the two groups was found with respect to smoking profile 
(p = 0.007), sun exposure (p = 0.001), and serum cholesterol (p < 0.001). Subjects who were smokers, had a longer 
exposure to sun, and had higher serum cholesterol level were found to be positively associated with development of 
cataract. No significant association between BMI (p = 0.384) and blood pressure (p > 0.05) was observed.
ConClusion: Higher cholesterol levels, increased sun exposure, and smoking habit play a role in the development 
of senile cataract, and these are modifiable risk factors. Hence, control of these might help in delaying formation 
and progression of cataract.
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introduCtion
Cataract is the most common cause of revers-
ible blindness worldwide. According to the World 
Health Organisation (WHO), around 253 million 
people in the world are visually impaired, of whom 
90% of the global burden of visual impairment is 
concentrated in developing countries [1]. Visual 
impairment caused by cataract leads to not only 
economic loss, but also impaired quality of life. Cat-
aract is responsible for 50–80% of bilateral blind-
ness in India [2–4]. 
Owing to its large impact and public health 
considerations, cataract has always been a target of 
continuous epidemiologic research. Insights into 
causative factors amenable to intervention, genet-
ic factors that predispose to disease, and avenues 
for novel treatment serve to reduce the disease 
burden [5].
Extensive research has established smoking, dia-
betes, and ultraviolet (UV) light exposure as the 
causative risk factors for age-related cataract, while 
recent studies have identified other potential risk 
factors like corticosteroid, exogenous oestrogen [6, 
7], nutrition [8, 9], dietary fat and serum lipid [10, 
11], and genetics [12, 13], which might play a role 
in the development and progression of cataract.
The focus of identification of newer risk factors 
of cataract is basically driven by the underlying 
pathogenesis and pathophysiology behind the cata-
ract. Cataractogenesis, is a multifactorial disease 
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process that may be initiated or promoted by oxi-
dative damage. Conversely, serum lipids have been 
shown to have a direct relationship with oxidative 
stress, and so they seem to play a causative role 
in the development and progression of cataract. 
Hence, this study was carried out to analyse the fac-
tors that potentially play a role in cataractogenesis. 
Material and Methods
This is a hospital-based case control study, car-
ried out in the Department of Ophthalmology of 
a tertiary care centre in Lucknow, North India. 
Over a period of 18 months we recruited 240 sub-
jects for the purpose of this study, which includ-
ed 120 individuals aged 50 years or above with 
age-related cataract as cases, and 120 age-matched 
non-cataractous controls, after obtaining informed 
and written consent according to the Declaration 
of Helsinki.
We excluded subjects with corneal opacities that 
obscured the grading of the cataract, patients with 
a history of smoking > 10 pack years, alcohol con-
sumption 20–140 g/day, diabetes or hypertension, 
and patients with secondary cataract. Controls were 
demographically matched with the cases without 
cataract and followed the exclusion criteria. The 
study was approved by Institutional Ethics Com-
mittee.
For the purpose of the study, detailed history 
regarding signs and symptoms of cataract, family 
history of cataract, history of any medicine intake 
and systemic disease that might influence cataract, 
any history of intraocular surgeries, and socioe-
conomic status was obtained. The patients were 
then subjected to systemic examination for height, 
weight, body mass index (BMI), blood pressure, 
and ocular examination for best corrected visual 
acuity by Snellen’s chart, and torch light and slit 
lamp examination for grading of cataract, which 
was done according to the Lens Opacities Classifi-
cation System III (LOCS III) into: nuclear cataract, 
cortical cataract, and posterior subcapsular cataract. 
Evaluation of serum cholesterol was done by tak-
ing a 5 mL blood sample from each participant in 
an EDTA vial and sending it to the Department 
of Biochemistry.
The statistical analysis was done using Statistical 
Package for Social Sciences (SPSS) version 21.0. P 
values, indicating the level of significance, were de-
fined as significant (p < 0.05), highly significant 
(p < 0.01), and very highly significant (p < 0.001).
results
The present study was carried out to assess the en-
vironmental risk factors and cholesterol levels in the 
serum of patients with cataract, and to understand 
their significance. For this purpose, a case-control 
study was planned in which 120 cases with senile 
cataract aged ≥ 50 years and 120 demographically 
matched healthy controls were enrolled and distrib-
uted into Group I and Group II, respectively.
Ages of patients in Group I ranged from 50 to 
85 years whereas those of controls ranged from 
50 to 78 years. The majority of Group I (62.5%) 
as well as Group II (65.8%) subjects were 
aged 50–60 years. The mean age of cases was 
60.98 ± 7.93 years and that of controls was 
59.22 ± 7.15 years. Statistically, there was no sig-
nificant difference between the two groups with 
respect to age (p = 0.071). In Group I the ma-
jority of patients were females (52.5%) whereas 
in Group II the majority were males (54.2%), 
and the male-to-female ratios in the two groups 
were 0.9 and 1.18, respectively. The difference be-
tween two groups was not significant statistically 
(p = 0.602) (Tab. 1).
In Group I, a total of 63 (52.5%) had involve-
ment of right eye whereas the remaining 57 (47.5%) 
had involvement of the left eye. The majority had 
nuclear sclerotic cataract, among which the most 
common was Grade 3 cataract (23.3%) followed 
by those having grade 4 (22.5%), grade 1 (11.7%), 
and grade 2 (10%) cataract, respectively. Posterior 
subcapsular cataract was present in 20.0% of the 
subjects, and cortical cataract was found in 12.5% 
(Fig. 1).
in Group I the mean systolic and diastolic 
blood pressure values were 123.82 ± 12.38 and 
78.17 ± 8.37 mmHg, respectively, whereas in 
Group II these values were 124.20 ± 11.64 and 
77.52 ± 8.99 mmHg, respectively. On evaluating 
the data statistically, the difference between two 
groups was not found to be significant (p > 0.05) 
(Tab. 2).
In Group I the BMI ranged from 17.10 to 32.40 
kg/m2 whereas in Group II the BMI ranged from 
18.1 to 31.7 kg/m2. In Group I the majority (63.3%) 
had BMI within the range 18.5–24.9 kg/m2 
followed by 25.0–29.9 kg/m2 (26.7%), < 18.5 kg/m2 
(5.8%), and > 30 kg/m2 (4.2%). In Group II 
also, the majority (71.7%) had BMI with-
in the range 18.5–24.9 kg/m2 followed by 
25.0–29.9 kg/m2 (22.5%), < 18.5 kg/m2 (3.3%), 
and > 30 kg/m2 (2.5%). The mean BMI of Group I 
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patients was 23.39 ± 3.09 kg/m2 as compared to 
23.04 ± 3.12 kg/m2 for Group II subjects. Statisti-
cally, there was no significant difference between the 
two groups with respect to BMI (p = 0.384) (Tab. 3).
In Group I, a total of 57 (47.5%) were 
non-smokers, 17 (14.2%) were smokers of up to 
five packs/year, and 46 (38.3%) were smokers of 
5–10 packs/year. Compared to this, the majority 
of Group II (59.2%) subjects were non-smokers, 
25 (20.8%) were smokers of up to five packs/year, 
and 24 (20%) were smokers of 5–10 packs/year. 
Statistically, the difference between two groups 
was found to be significant (p = 0.007). The ma-
jority of Group I patients had duration of sun 
exposure > 6 hrs/week (65.8%) whereas the ma-
jority of Group II subjects had duration of sun 
exposure < 6 hrs/week (55.8%). On comparing 
the data statistically, the difference between the 
two groups was found to be significant (p = 0.001) 
(Tab. 3).
Compared to Group II, Group I subjects had sig-
nificantly higher mean cholesterol levels (p < 0.001). 
Mean serum cholesterol levels were minimum grade 
3 (170.11 ± 26.12 mg/dL) and maximum grade 
2 (192.92 ± 33.71 mg/dL); however, the difference 
among different grades was not statistically signifi-
cant (p = 0.093) (Tab. 4).
Total cholesterol had area under curve 
(AUC) = 0.603. The sensitivity and specificity 
ranged from 61.7% and 52.5%, respectively (Fig. 2).
On evaluating the role of different variables 
found to be significantly associated with cataract in 
univariate assessment through a multivariate pre-
dictive model for cataract, neither smoking, sun 
exposure, nor cholesterol were shown to have any 
significant association with cataract (Tab. 5).
table 1. age distribution between cases and controls
group i  
Cases (n = 120)
group ii 
Controls (n = 120) statistics
no. % no. %
age [years]
50–60 75 62.5 79 65.8
t = 1.812
p = 0.071
61–70 32 26.7 31 25.8
> 70 13 10.8 10 8.3
Mean age [years] 
± SD (range) 
60.98 ± 7.93 
(50–85)
59.22 ± 7.15
(50–78)
gender c2 = 1.067
p = 0.302M:F 0.9 1.18 
SD — standard deviation
Figure 1. Type of cataract; pSC — posterior subcapsular cataract
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table 2. Systolic and diastolic blood pressure between the two groups
parameter
group i 
Cases (n = 120)
group ii 
Controls (n = 120)
statistical significance
Mean sd Mean sd t p
SBp [mmHg] 123.82 12.38 124.20 11.64 0.247 0.805
DBp [mmHg] 78.17 8.37 77.52 8.99 0.580 0.563
SBp — systolic blood pressure; DBp — diastolic blood pressure; SD — standard deviation
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disCussion
Despite cataract being one of the most common 
causes of preventable blindness, there is limited 
understanding regarding the exact aetiology and 
pathogenesis. Cataract is often referred to as a mul-
ti-aetiological process. Laboratory investigations 
suggest that age-related cataract might result from 
oxidative stress after sunlight exposure [14]. Animal 
and observational studies suggest that a diet low in 
antioxidant micronutrients may increase the risk of 
lens opacification. Cholesterol levels have also been 
shown to produce oxidative stress [15]. Incidentally, 
cholesterol levels and cataract have both been shown 
to be age related, and hence a temporal relationship 
cannot be ruled out. Taking into account the oxida-
tive stress-induced pathogenesis of cataract, it may 
be hypothesised that levels of antioxidant micronu-
trients might be lower while cholesterol levels might 
be higher among cataract patients.
In order to test this hypothesis, the present study 
was planned as a case-control study in which 120 pa-
tients of senile cataract (aged > 50 years) were included 
as cases and an equal number of age- and sex-matched 
individuals without cataract were included as con-
trols. Serum total cholesterol levels were included as 
representative of an oxidative stress-inducing condi-
tion. The mean age of patients was 60.98 ± 7.93 years, 
and the majority were females (52.5%).
table 3. Comparison of various risk factors between cases and controls
Characteristics
group i  
Cases (n = 120)
group ii 
Controls (n = 120) statistical  
significance
no. % no. %
BMI
< 18.5 7 5.8 4 3.3
t = 0.872
p = 0.384
18.5–24.9 76 63.3 84 71.7
25.0–29.9 32 26.7 27 22.5
≥ 30 5 4.2 3 2.5
Mean BMI [kg/m²] ± SD
(range)
23.39 ± 3.09
(17.10–32.40)
23.04 ± 3.12 
(18.1–31.7)
Sun exposure
< 6 hrs/week 41 34.2 67 55.8 c2 = 11.38
p = 0.001> 6 hrs/week 79 65.8 53 44.2
Smoking habit
No 57 47.5 71 59.2
c2= 9.969 (df = 2)
p = 0.007
Up to 5 packs/year 17 14.2 25 20.8
5–10 packs/year 46 38.3 24 20.0
BMI — body mass index; SD — standard deviation
table 4. Comparison of serum cholesterol levels between cases and controls
group i  
Cases (n = 120)
group ii 
Controls (n = 120)
statistical 
significance
179.72 ± 28.90 
(110–280)
153.59 ± 31.11 
(100–220)
t = 6.625 
p < 0.001
psC  
(n = 24)
Cortical 
(n = 15)
nuclear  
(n = 81)
179.38 ± 22.34 170.93 ± 22.45 181.44± 31.52
F = 0.837 
p = 0.436
grade 1  
(n = 14)
grade 2  
(n = 12)
grade 3  
(n = 28)
grade 4  
(n = 27)
189.86 ± 40.92 192.92 ± 33.71 170.11 ± 26.12 183.74 ± 28.06
F = 2.214 
p = 0.093
pSC — posterior subcapsular cataract 
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In the present study, the BMI of patients ranged 
from 17.10 to 32.40 kg/m2. The mean BMI of pa-
tients was 23.39 ± 3.09 kg/m2, and the majority of 
patients were within normal BMI range (63.3%). 
Compared to the present study, Nourmoham-
madi et al. [16] found the mean BMI of patients 
to be 24.02 ± 4.10 kg/m2, while Abbaszadeh et 
al. [17] reported a mean BMI of cataract patients 
of 25.04 ± 3.69 kg/m2. Compared to this, west-
ern studies report relatively high BMI in cataract 
patients. In the Italian-American Clinical Trial of 
Nutritional Supplements and Age-related Cataract 
(CTNS) [26], the majority of patients were over-
weight (55%) and almost one quarter (23.6%) were 
obese. Karppi et al. [18] reported a mean BMI of 
cataract patients of 27.5 ± 4.4 kg/m2 in their study 
among the elderly Finnish population. These find-
ings in general suggest that while BMI could be 
a risk factor for cataract in western populations, 
it does not seem to be very significant in Asian 
populations. Bearing in mind the probable role of 
micronutrients in the determination of BMI, there 
could be differences in micronutrient levels among 
different populations.
The controls were statistically matched to cases 
with respect to age, gender, and BMI, thus showing 
that these factors did not have a confounding effect.
In the present study, the eye with the higher 
grade of cataract was included among cases. With 
respect to the side involved, both right (52.5%) 
and left (47.5%) eyes were involved almost equally. 
As such, no predisposition of side of eye with cata-
ract has been reported in literature. The present 
study, showing almost equal distribution of left and 
right sides, also showed that the side involved is 
determined by chance rather than by any particular 
side-related risk. The present study did not include 
any diabetic or hypertensive patient as per the exclu-
sion criteria of the study. Consecutively, the systolic 
and diastolic blood pressure values of two cases and 
controls were matched statistically.
In the present study, the majority of cataract 
patients were smokers (52.5%). Among smokers 
(n = 63) too, majority smoked 5–10 packs/year 
(46/63; 73.0%). In present study we excluded those 
smoking > 10 pack-years. Smoking is known to be 
a risk factor for development of age-related cat-
aract [19]. Smoking might also induce oxidative 
stress [20, 21] and affect the level of antioxidant 
micronutrients and lipids [22, 23] under different 
health conditions. On the other hand, the pro-
portion of smokers and those with smoking habit 
5–10 packs/year was significantly lower in con-
trols. These findings suggested that smoking habit 
was a confounding factor in our study.
In the present study, the majority of cases 
(65.8%) had sunlight exposure > 6 hrs/week as 
compared to 44.2% of controls. Thus, the propor-
tion of those having sunlight exposure > 6 hrs/week 
table 5. Multivariate assessment
Variables B se wald df sig. exp (B)
95.0% Ci  
for exp(B)
lower upper
Smoking –.413 .222 3.456 1 .063 .661 .428 1.023
Sun exposure –.017 .404 .002 1 .967 .984 .446 2.170
Cholesterol –.002 .007 .064 1 .800 .998 .986 1.011
Constant –.945 1.317 .515 1 .473 2.573
B — ????; Se — standard error; Wald. — ???; df — degree of freedom; Sig. — significance; exp — ????; CI — confidence interval
Figure 2. area under curve for cholesterol. rOC — receiver 
operating characteristic curve
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was significantly higher in cases as compared to 
that in controls. Laboratory investigations have sug-
gested that age-related cataract might result from 
oxidative stress after sunlight exposure [24, 25]. 
The findings of the present study also validated 
this proposition.
Mean serum cholesterol levels were significantly 
higher in cases as compared to those in controls. In 
their study, Karppi et al. [18] did not find a sig-
nificant difference between those having nuclear 
cataract and those not having cataract for choles-
terol level; however, their study was a cross-sectional 
study among cataract patients in a significantly old-
er age group and having a significantly lower pro-
portion of males as compared to those not having 
controls. Moreover, in their study, a significant dif-
ference between the two groups was also found for 
alcohol consumption. Owing to these confounding 
effects, the antioxidant micronutrient and lipid lev-
els in their study might have been affected. In the 
present study we identified smoking and sunlight 
exposure as possible reasons for inducing oxidative 
stress and affecting antioxidant micronutrient levels.
We also found that increased cholesterol levels 
are associated with cataract risk. A number of previ-
ous studies have also endorsed this association in 
different populations [26–34].
We also investigated cholesterol levels among 
different types of cataract (posterior capsular, nu-
clear, and cortical cataract cases) but did not find 
a significant difference in cholesterol levels among 
different cataract types. Also, with respect to choles-
terol levels, a number of studies supported that all 
types of cataract are affected by higher cholesterol 
levels too. However, Al-Talqani et al. [26] found 
that dyslipidaemia was associated significantly with 
nuclear and cortical cataract, but it was not associ-
ated significantly with posterior subcapsular cata-
ract. Cholesterol representing approximately 40% 
of the total lipids of human lens fibres, and intrinsic 
or extrinsic factors modifying its level and/or repar-
tition may alter optical lens properties. Some cho-
lesterols can be present as crystals, which have been 
found in plasma membranes isolated from the lens, 
and which may play functional roles in normal and 
pathological lens. The formation of these crystals 
is related to the lipid composition of the lens and 
seems to depend on the presence of sphingomy-
elin and dihydrosphingomyelin. The part played 
by cholesterol in the development of cataract is 
also supported by observations performed in various 
pathologies associated with defects in cholesterol 
metabolism. Thus, patients with Smith-Lemli-Opitz 
syndrome, mevalonic aciduria, or cerebrotendinous 
xanthomatosis characterised by mutations in en-
zymes of cholesterol metabolism (7- dehydrocholes-
terol reductase, mevanolate kinase, and CYP27A1, 
resp.) often develop cataract [27]. Moreover, with 
regards to oxidative damage, because the lipid lens 
composition is devoid of oxidisable polyunsaturated 
fatty acids, and because there is a high content 
of dihydrosphingomyelin that is less prone to oxi-
dation, this particular lipid composition favours 
cholesterol autoxidation. Thus, because human lens 
membrane contains the highest cholesterol levels of 
any known biological membranes, and because hu-
man lens is continuously in a strong photoxidative 
environment, chronic exposure to UV light and 
ozone can lead to the formation of some cholesterol 
oxide derivatives (also named oxysterols) [28, 29], 
which might contribute to disruption of cholesterol 
repartition and homeostasis in human lens fibres.
Hiller et al. [30] reported a longitudinal data se-
ries to find the association between serum lipids and 
age-related lens opacities. In this multistage analysis 
fasting hypertriglyceridaemia (≥ 250 mg/dL) was as-
sociated with an increased risk of posterior subcap-
sular cataract (PSC) in men (p = 0.02). High-den-
sity lipoprotein cholesterol levels ≤ 35 mg/dL were 
associated with PSC cataract in men at a borderline 
level of significance (p = 0.09). No associations were 
noted between serum lipid/lipoprotein variables and 
risk of cortical or nuclear cataract. These findings 
suggested that hypertriglyceridaemia, a potentially 
modifiable factor, is associated with the develop-
ment of PSC cataract in men.
Heydari et al. [31] evaluated the relationship 
between cataract development and serum lipids, 
glucose, and antioxidants in a case-control study. 
They found that plasma TG (p = 0.02), cholesterol 
(p = 0.001), and low-density lipoprotein cholesterol 
(LDL-C) (p = 0.04) were significantly higher in the 
cataract group than in the control group.
Park et al. [32] conducted an analysis of data 
from the Korea National Health and Nutrition 
Examination Surveys (2008–2010). Reduced 
high-density lipoprotein cholesterol (HDL-C), el-
evated fasting glucose, and elevated triglycerides 
(TG) were also significantly associated with cata-
ract in women [aOR, 95% CI; 1.27 (1.07–1.50), 
1.23 (1.01–1.50), and 1.26 (1.04–1.52), respec-
tively]. In the subgroup analysis for cataract sub-
type, MetS and reduced HDL-C were significantly 
associated with nuclear cataract in women [aOR, 
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95% CI; 1.25 (1.07–1.55) and 1.25 (1.03–1.52), 
respectively]. However, such associations were not 
found in men. 
In a similar study Uppu and Gupta [33] also 
found a significant difference between the case and 
control groups for all the lipids including total cho-
lesterol, TG, LDL, and very low-density lipoprotein 
(VLDL) but not HDL levels (p < 0.001). No sig-
nificant difference was observed between the two 
groups for serum fasting glucose levels. The authors 
were of the view that oxidative stress may play an 
import role in the senile cataract.
Al-Talqani et al. [26] also found a significant as-
sociation between the prevalence of dyslipidaemia 
(p < 0.05) with nuclear and cortical cataract, but it 
was not significant (> 0.05) for posterior subcapsu-
lar cataract.
Li et al. [34] in a case control study found that 
the serum LDL-C, TG, cholesterol, and apolipo-
protein A (APOA) levels were significantly higher 
(p < 0.05) in the cataract group than in the control 
group. The findings of the study thus showed that 
lipid levels pose a significant risk of age-related cata-
ract.
In the present study, among different grades of 
nuclear cataract, we also did not find a significant 
difference in cholesterol levels, and we did not find 
any significant association between the grade of 
nuclear cataract and lipid levels. One of the reasons 
for this could be the lower number of cases in lower 
grades (Grade I and II) in our series.
In view of these findings, we attempted to de-
rive cut-off values for total cholesterol levels for 
discrimination between cataract and non-cataract 
subjects. We found that total cholesterol levels were 
least sensitive and specific (61.7% sensitivity and 
52.5% specificity) at a cut-off of > 169.5 mg/dL. 
In previous studies, despite showing the role of 
cholesterol levels, no such discriminant role had 
been analysed. In the present study, despite de-
riving these cut-off values, we feel that they have 
limited practical value because it was carried out as 
a case-control study and included subjects falling 
within predefined inclusion and exclusion criteria. 
Bearing in mind the fact that cholesterol levels play 
roles also in other diseases, the diagnostic/discrimi-
nant value of these parameters has limited practical 
application and more such studies are needed to 
confirm the usefulness of these cut-off values.
In the present study, on binary logistic regres-
sion, taking smoking, sun exposure, and choles-
terol levels as independent predictors of cataract, 
none of them showed a significant association with 
cataract. 
ConClusion
The present study thus endorsed the findings 
that antioxidant micronutrients and cholesterol lev-
els play a significant role in causation of senile cata-
ract, as proposed by various previous studies. The 
present study also highlighted that increased sun 
exposure and smoking habit could play a detri-
mental role in oxidative stress, which affected the 
antioxidant levels and lipid levels and thus played 
a role in the pathogenesis of cataract.
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